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(57)Abstract 

PROBLEM TO BE SOLVED: To furthermore increase the linear 
recording density of a patterned medium having recording tracks 
each consisting of arrayed single magnetic domain minute 
recording parts. 

SOLUTION: This magnetic recording medium is constituted of the 
recording tracks each consisting of plural arrayed single magnetic 
domain minute recording parts 3 formed on a substrate 1 and 
nonmagnetic bodies (parts 4 to be unrecorded) formed between 
the adjacent parts 3. Each of the parts 3 is made from a magnetic 
alloy containing Sm-Co so that the inequality: W/L>1 (wherein W is 
the length of the part 3 in a direction that the recording track 
orthogonally crosses; L is the length of the part 3 in the extended 
direction of the recording track) is satisfied and the direction of 
the easily magnetized axis of the part 3 is almost coincident with 
the extended direction of the recording track 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To furthermore increase the linear 
recording density of a patterned medium having recording tracks 
each consisting of arrayed single magnetic domain minute recording 
parts. 

SOLUTION: This magnetic recording medium is constituted of the 
recording tracks each consisting of plural arrayed single magnetic 
domain minute recording parts 3 formed on a substrate 1 and 
nonmagnetic bodies (parts 4 to be unrecorded) formed between the 
adjacent parts 3. Each of the parts 3 is made from a magnetic alloy 
containing Sm-Co so that the inequality: W/L>1 (wherein W is the 
length of the part 3 in a direction that the recording track 
orthogonally crosses; L is the length of the part 3 in the extended 
direction of the recording track) is satisfied and the direction of the 
easily magnetized axis of the part 3 is almost coincident with the 
extended direction of the recording track. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 



http://www 1 9.ipdl.ncipi.go.jp/PAl /result/detail/main/wAAA44aWHUDA4 1 3 1 67420P 1 .htm 6/2 1 /2005 



JP,2001 -167420 A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Between the single domain minute Records Department which has and adjoins each other on a 
substrate consists of non-magnetic material, and the recording track which much single domain minute Records 
Department comes to arrange is set to said single domain minute Records Department. When lay length which 
intersects perpendicularly recording track extension lay length with L and a recording track is set to W, W/L> 
Magnetic-recording medium by which it is 1 and the direction of the easy axis of the single domain minute 
Records Department consists of magnetic alloys with which the single domain minute Records Department 
contains Sm and Co almost in accordance with the recording track extension direction. 
[Claim 2] The magnetic-recording medium of claim 1 which is W/L>=1 .2. 

[Claim 3] The magnetic-recording medium of claims 1 or 2 which are SP/SC>=10 when the remanence ratio of 
said single domain minute Records Department is set to SC in the direction which intersects perpendicularly 
with SP and a recording track in the recording track extension direction and an orientation ratio is expressed 
with SP/SC. 

[Claim 4] One magnetic-recording medium of claims 1-3 whose mole-ratio Sm/(Sm+Co) is 10 - 23% in said 
magnetic alloy. 

[Claim 5] The manufacture approach of a magnetic-recording medium of having the process which makes the 
magnetic alloy which is the approach of manufacturing one magnetic-recording medium of claims 1 -4, and 
contains Sm and Co adhering to said substrate in a field. 

[Claim 6] The manufacture approach of the magnetic-recording medium of claim 5 which sets up the 
reinforcement of said field so that it may be set to SP/SC>=10 when the remanence ratio of said magnetic alloy 
adhering to said substrate is set to SC in SP, said impression direction, and the direction that intersects 
perpendicularly in the impression direction of said field and an orientation ratio is expressed with SP/SC. 
[Claim 7] The manufacture approach of the magnetic-recording medium of claims 5 or 6 which make 
reinforcement of said field 7-50 kA/m. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a magnetic-recording medium and its manufacture approaches, 

such as a magnetic disk. 

[0002] 

[Description of the Prior Art] In the magnetic disk drive for computers, large capacity-ization is progressing 
quickly. In a magnetic disk drive, a record magnetic-domain train is formed into the recording layer of a 
magnetic disk of the signal field generated from the magnetic head. When improving the surface recording 
density of a magnetic disk, it is important what-izing of the record magnetic domain can be carried out 
[ detailed ]. 

[0003] By the magnetization method within a field which magnetizes a recording layer to the field inboard, and 
forms a record magnetic domain, also when a record magnetic-domain train is made detailed, in order to make 
magnetization stabilize and exist in the recording track extension direction (the magnetic-head transit direction), 
it is required that a recording layer should show high coercive force and an angle-of-elevation form ratio in the 
recording track extension direction. 

[0004] With the conventional magnetic disk of the magnetization method within a field, in order to carry out 
orientation of the easy axis of a recording layer to field inboard, the substrate layer which consists of Cr or a Cr 
alloy is usually prepared in the bottom of a recording layer. Furthermore, also by preparing the fine structure 
called a texture in the front face of a substrate in which a recording layer is formed, the orientation within a field 
of an easy axis is promoted, and the orientation to the recording track extension direction is promoted. 
[0005] As a magnetic material which constitutes a recording layer in the conventional magnetic disk, the Co-Cr- 
Ta system and the Co-Cr-Pt system are used abundantly. It controls that weaken the interaction between crystal 
grain and complicated magnetic domain wall structure occurs on the boundary between record bits by making 
alloying elements, such as Cr, Ta, and Pt, placed between grain boundaries, and the coercive force and square 
shape nature of a recording layer are raised. 

[0006] However, since the magnitude of one record bit will become it is remarkable and minute if recording 
density improves as it is now [ when the surface recording density of a magnetic disk drive is rising at an annual 
rate of about 100% ], fringing between the adjoining record bits poses a problem. This fringing means a 
magnetic blot of the record magnetic-domain edge produced from the magnetic head by the field emitted 
spatially. 

[0007] The so-called PATANDO medium is proposed as a recording method which solves such a problem 
accompanying surface recording density increase. By dividing a recording layer in the shape of a mesh, a 
PATANDO medium isolates the magnetic substance in the shape of an island, and has the structure which filled 
between the adjacent island-like magnetic substance by the non-magnetic material. The example of a 
configuration of the conventional PATANDO medium is shown in drawing 3 . In drawin g 3 , fringing between 
contiguity bits is canceled by much single domain minute Records Department's 3 having arranged across the 
non-Records Department 4 which consists of a non-magnetic material on a substrate 1, and making each of the 
single domain minute record Records Department 3 which carried out mutually-independent correspond to 1 
bit. The PATANDO medium is indicated by JP,6-28039,B. Metal magnetic materials, such as Fe, Fe alloy, Co, 
Co alloy, nickel, nickel alloy, Fe3aluminum, and a Heusler alloy, and oxide magnetic materials, such as various 
ferrites, are mentioned to this official report as a magnetic material which constitutes a single domain particle 
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(single domain minute Records Department). 
[0008] 

[Problem(s) to be Solved by the Invention] By the PATANDO medium indicated by above-mentioned JP,6- 
28039,B, in order to make coercive force high, the purport with desirable making die-length L of a single 
domain particle into two to 10 times of width of face W is indicated. An easy axis is guided in the direction of a 
major axis of a single domain particle by a long and slender configuration, then magnetic shape anisotropy in a 
single domain particle. 

[0009] Therefore, if the direction of a major axis of the single domain minute Records Department 3 is made in 
agreement with the recording track extension direction (the magnetic-head migration direction) as shown in 
drawing 3 , the signal field by the residual magnetization of the direction of a major axis of the single domain 
minute Records Department 3 can be read by the magnetic head. 

[0010] However, if the die length of a major axis is contracted with the ratio of a major axis to a minor axis 
maintained in order to raise track recording density, the area of the single domain minute Records Department 3 
will become small too much, and sufficient signal strength will no longer be obtained. Moreover, since minor- 
axis lay length becomes short too much, formation of the single domain minute Records Department 3 becomes 
very difficult. Therefore, by the PATANDO medium which is the configuration to which the single domain 
minute Records Department has a major axis in the recording track extension direction, a limitation is in 
improvement in track recording density, and, as a result, a limitation is generated also in improvement in a data 
transfer rate. 

[001 1] This invention is made from such a situation and it aims at raising track recording density further in the 
PATANDO medium which has the recording track which the single domain minute Records Department comes 
to arrange. 
[0012] 

[Means for Solving the Problem] The above-mentioned purpose is attained by this invention of following the 
(l)-(7). 

(1) Between the single domain minute Records Department which has and adjoins each other on a substrate 
consists of non-magnetic material, and set the recording track which much single domain minute Records 
Department comes to arrange to said single domain minute Records Department. When lay length which 
intersects perpendicularly recording track extension lay length with L and a recording track is set to W, W/L> 
Magnetic-recording medium by which it is 1 and the direction of the easy axis of the single domain minute 
Records Department consists of magnetic alloys with which the single domain minute Records Department 
contains Sm and Co almost in accordance with the recording track extension direction. 

(2) The magnetic-recording medium of the above (1) which is W/L>=1.2. 

(3) The above (1) or (2) magnetic-recording media which are SP/SC>=10 when the remanence ratio of said 
single domain minute Records Department is set to SC in the direction which intersects perpendicularly with SP 
and a recording track in the recording track extension direction and an orientation ratio is expressed with SP/SC. 

(4) One magnetic-recording medium of above-mentioned (1) - (3) whose mole-ratio Sm/(Sm+Co) is 10 - 23% 
in said magnetic alloy. 

(5) The above (1) The manufacture approach of a magnetic-recording medium of having the process which 
makes the magnetic alloy which is the approach of manufacturing one magnetic-recording medium of - (4), and 
contains Sm and Co adhering to said substrate in a field. 

(6) The manufacture approach of the magnetic-recording medium the above (5) which sets up the reinforcement 
of said field so that it may be set to SP/SC>=10 when the remanence ratio of said magnetic alloy adhering to 
said substrate is set to SC in SP, said impression direction, and the direction that intersects perpendicularly in 
the impression direction of said field and an orientation ratio is expressed with SP/SC. 

(7) The above (5) which carries out reinforcement of said field in 7-50kA/m, or the manufacture approach of the 
magnetic-recording medium of (6). 

[0013] 

[Function and Effect] By the magnetic-recording medium of this invention, as shown in drawing 1 , the 
direction of a minor axis of the single domain minute Records Department 3 is in agreement with the recording 
track extension direction. In the magnetic substance which has shape anisotropy like the single domain minute 
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Records Department 3 which illustrates, since an easy axis is suitable in the direction of a major axis with 
magnetic shape anisotropy, it generates substantially only in the direction in which residual magnetization 
intersects perpendicularly to a recording track, and the record playback by the usual magnetic head becomes 
impossible. Therefore, in order to perform record playback by the usual magnetic head, it is necessary to make 
the orientation of the easy axis carry out in the direction of a minor axis of the single domain minute Records 
Department 3. As mentioned above, with the conventional magnetic disk which is not a PATANDO medium, 
the orientation to the recording track extension direction is promoted by establishing the fine structure called a 
texture to a substrate front face. However, since the single domain minute Records Department 3 is very 
detailed, the magnetic-anisotropy grant by preparing a texture is impossible. 

[0014] So, in the desirable mode of this invention, by choosing a Sm-Co alloy as a magnetic material, and 
making a Sm-Co alloy adhere to a substrate in a field, a magnetic anisotropy is guided so that above-mentioned 
orientation ratio SP/SC may become beyond a predetermined value preferably. Therefore, when it is made for 
the direction of a minor axis of the single domain minute Records Department to turn into the field impression 
direction, the orientation of the easy axis can be made to carry out in the direction of a minor axis easily. 
Therefore, in this invention, it becomes possible to raise track recording density remarkably compared with the 
conventional PATANDO medium. In addition, a means to use in order to consider as above-mentioned 
[ orientation ratio SP/SC ] within the limits is not limited to the approach of making a Sm-Co alloy adhering to 
a substrate in a field, for example, can also use a growth anisotropy. What is necessary is just to control the 
incident angle of the sputtered particles to a substrate front face, in order to use a growth anisotropy. However, 
it is most desirable to use the spatter in a field in this invention. The spatter in a field is used and the orientation 
ratio of the above-mentioned within the limits, then the above-mentioned above-mentioned range is easily 
obtained in the presentation of a Sm-Co alloy. 

[0015] In addition, forming a Sm-Co alloy thin film in a field is known, for example, the Magnetics Society of 
Japan, vol.7, and No. — 2 and 47 — **** (following (1983), reference 1) — the production approach of an 
amorphous Sm-Co spatter thin film is indicated. However, there is no publication about a PATANDO medium 
in reference 1 . Moreover, by impressing a field perpendicular to a film surface at the time of film formation, the 
approach of reference 1 publication tends to try to obtain a perpendicular magnetization component, and does 
not tend to obtain the magnetization film within a field. Moreover, impressing a field in a film surface and 
producing a Sm-Co thin film with a vacuum deposition method is indicated by 3rd Joint INTERMAG-MMM 
Conf. and AF-05 (1982) (following, reference 2). The presentation of the Sm-Co thin film of reference 2 
publication is SmlOO-xCox (75< x<90), and laps with the presentation of the Sm-Co alloy used by this 
invention. However, there is no publication about a PATANDO medium in reference 2. Therefore, naturally in 
a PATANDO medium, there is no publication about the conditions that an easy axis can be guided in the 
direction of a minor axis of the single domain minute Records Department. 
[0016] 

[Embodiment of the Invention] The example of a configuration when applying the magnetic-recording medium 
of this invention to a magnetic disk is shown in drawing 1 as a perspective view. 

[0017] The magnetic disk shown in drawing 1 has much single domain minute Records Department 3 which set 
spacing and has been stationed on the disk-like substrate 1 at each the hoop direction (the recording track 
extension direction) and radial. The single domain minute Records Department 3 which arranged to the disk 
hoop direction constitutes a recording track from this magnetic disk. In addition, a recording track may be 
established in concentric circular and may be formed in the shape of a spiral. 

[0018] Between the adjacent single domain minute Records Department, it consists of the non-Records 
Department 4 which consists of non-magnetic material. Since each single domain minute Records Department 3 
will be in the condition of having been isolated magnetically nearly respectively completely, it can suppress 
generating of fringing at each single domain minute Records Department. 

[0019] It is W/L>1 when lay length which intersects perpendicularly recording track extension lay length with 
L and a recording track is set to W at the single domain minute Records Department 3 in this invention, since 
track recording density can be made high, with sufficient signal output maintained so that W/L is large — 
desirable — W/L>=1.2 — it is more preferably referred to as W/L>=1.5. however — if W/L is too large, since it 
will become difficult to make the orientation of the easy axis carry out in the direction of a minor axis against 
the static magnetism energy by shape anisotropy ~ desirable — W/L<=5 — it is more preferably referred to as 
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W/L<=4. 

[0020] At the single domain minute Records Department 3, the direction of an easy axis is mostly in agreement 
with the direction of a minor axis of the single domain minute Records Department, i.e., the recording track 
extension direction. In order to make the orientation of the easy axis carry out in the direction of a minor axis of 
the single domain minute Records Department, while a Sm-Co alloy constitutes the single domain minute 
Records Department from this invention, this Sm-Co alloy is made to adhere to a substrate into a field. 
[0021] It is desirable to use a spatter for adhesion in the substrate of a Sm-Co alloy. Although a field is 
impressed and the Sm-Co thin film is formed with the vacuum deposition method in a film surface by said 
reference 2, a spatter has the advantage listed to below compared with a vacuum deposition method. Since it is 
far high compared with it of a vacuum evaporationo particle, the energy which sputtered particles have [ 1 st ] 
tends to be influenced of a field. Therefore, induction of a magnetic anisotropy is easy. Although it is easy 2nd 
to produce a presentation gap by the difference in the vapor pressure of a film configuration element in a 
vacuum deposition method, such a presentation gap does not arise in a spatter. Since the induced magnetic 
anisotropy of a Sm-Co alloy is greatly influenced by Sm content in an alloy, it is important for it to control a 
presentation correctly, so that it may mention later. Control of thickness is [ 3rd ] easy. Since it is desirable to 
make thickness smaller than the direction die length of a minor axis in order to guide a magnetic anisotropy in 
the direction of a minor axis, thickness control of the single domain minute Records Department is important. 
[0022] Although especially the various conditions in a spatter are not limited, in order to make a magnetic 
anisotropy guide by field impression, it is desirable to perform a spatter by the following setup. As for substrate 
temperature, it is desirable to consider as 0-50 degrees C. If substrate temperature is too low, since the energy 
which sputtered particles have will be frozen on a substrate, the particle arrangement which met in the direction 
of an impression field becomes difficult. Consequently, induction of the magnetic anisotropy by field 
impression becomes difficult. On the other hand, if substrate temperature is too high, since membranous 
crystallinity will become high too much, induction of the magnetic anisotropy by field impression becomes 
difficult. As for a membrane formation pressure, it is desirable to be referred to as 0.1 -2Pa. As for membrane 
formation power, it is desirable to be referred to as 100-400W. RF spatter may be used in this invention, using a 
direct-current spatter. 

[0023] As for the magnetic field strength in near the substrate front face at the time of making a Sm-Co alloy 
adhere, determining by the approach explained below is desirable. First, a Sm-Co alloy layer is formed on a 
substrate on the same conditions as the case where a medium is manufactured. As for the substrate used at this 
time, it is desirable that they are the substrate used for a medium and this quality of the material. Moreover, 
when preparing a substrate layer on a substrate in an actual medium, it is desirable to use the substrate which 
prepared the same substrate layer. Next, the remanence ratio of the Sm-Co alloy layer formed on the substrate is 
measured in each of the field impression direction and the direction which intersects perpendicularly in the field 
impression direction in a stratification plane, and the time of setting to SC the remanence ratio in the direction 
which intersects perpendicularly the remanence ratio in the field impression direction in SP and the field 
impression direction — orientation ratio SP/SC — desirable — SP/SC>=10 — SP/SC>=20 and the reinforcement 
of a field [ in / so that it may be set to SP/SC>=25 still more preferably / near a substrate front face ] are set up 
more preferably. When the field of the reinforcement which cannot enlarge SP/SC enough is impressed, it 
becomes difficult to guide a magnetic anisotropy in the direction of a minor axis of the single domain minute 
Records Department (the direction of an impression field). In addition, when there is mole-ratio Sm/(Sm+Co) in 
a Sm-Co alloy layer within desirable limits mentioned later, the concrete range of 7 or more kA/m of 
impression magnetic field strength is 1 5 or more kA/m more preferably. However, even if it makes this 
magnetic field strength remarkably high, an orientation ratio does not necessarily improve remarkably. 
Moreover, if this magnetic field strength is too high, the configuration of the plasma which exists near the 
spatter target will be disturbed by this field, and a plasma consistency will change a lot. Moreover, unlike Sm, 
Co which is the magnetic substance is influenced by the field. Since deviation arises in the presentation ratio of 
the film formed and membranous Sm content specifically becomes less than Sm content of a target when 
magnetic field strength is made high too much these results, it becomes difficult for it to be stabilized and to 
obtain a high orientation ratio. Therefore, 50 or less kA/m of magnetic field strength is more preferably made 
into 40 or less kA/m. 

[0024] Although there is especially no upper limit of SP/SC in this invention, since anisotropy energy is mostly 
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saturated in the range in which SP/SC exceeds 50, generally SP/SC does not usually need to exceed 50 in it. 
Moreover, also in order to suppress enlargement of a field generating means, it is not necessary to consider as 
the value exceeding this. In addition, SP/SC for which limitation of above-mentioned SP/SC is for making the 
orientation of the easy axis carry out in the direction of a minor axis, and is needed against the static magnetism 
energy by shape anisotropy is dependent on the aspect ratio (major-axis length / minor-axis length) of the single 
domain minute Records Department. The above-mentioned desirable range of SP/SC is equivalent to the range 
of the above mentioned desirable aspect ratio. 

[0025] In a Sm-Co alloy layer, in order to make orientation ratio SP/SC into above-mentioned within the limits, 
mole-ratio Sm/(Sm+Co) in a layer is more preferably made into 14 - 19% still more preferably 14 to 21% 10 to 
23%. Even if this mole ratio is too low and it is too high, it becomes difficult to make orientation ratio SP/SC 
high. 

[0026] Although especially the dimension of the single domain minute Records Department 3 is not limited, 
preferably, it sets direction die-length of minor axis L to 0.01-0.1 micrometers, and sets thickness to 5-50nm. 
Moreover, in order to guide a magnetic anisotropy in the direction of a minor axis, it is more desirable than the 
direction die length of a minor axis to make thickness small. 20nm or more of spacing of the adjacent single 
domain minute Records Department is more preferably set to 30nm or more. If the adjacent single domain 
minute Records Department approaches too much, the following problems will arise. In the 1 st, fringing will 
arise among both. If a field is impressed to the 2nd from the magnetic head in order to record on the single 
domain minute Records Department, it will become easy to produce the flux reversal of the single domain 
minute Records Department which adjoins it. Since the effect of the static magnetic field from the single 
domain minute Records Department which adjoins the 3rd becomes large, it becomes easy to produce flux 
reversal. 

[0027] In addition, although the flat-surface configuration of the single domain minute Records Department 3 
will not be limited especially if it is a configuration which has a minor axis and a major axis, usually 
considering as a rectangle which is illustrated is desirable, and it is good also as an ellipse. 
[0028] As a non-magnetic material which constitutes the non-Records Department 4, borides, such as carbide, 
such as nitrides, such as an oxide of Si02, aluminum 203, and Ti02 grade, Si3N4, and A1N, TiN, and TiC, and 
BN, carbon, and an organic material are mentioned, for example. As an organic material, high molecular 
compounds, such as CH system and CF system, are mentioned. 

[0029] The non-Records Department 4 is a wrap among substrate 1 front faces except single domain minute 
Records Department 3. Although the non-Records Department 4 and the single domain minute Records 
Department 3 are the same thickness and both front face exists in the same flat surface, the single domain 
minute Records Department 3 may be made to project to the non-Records Department 4, and the non-Records 
Department 4 may be made to project to the single domain minute Records Department 3 in the example of 
illustration if needed. 

[0030] Especially a substrate component may not be limited but may be the same as that of the conventional 
magnetic disk. For example, when applying this invention to a hard disk, silicon and resin may be used that 
what is necessary is just to choose a substrate component from an aluminum containing alloy, glass, etc. What 
is necessary is not to limit especially the thickness of a substrate, for example, just to set it to about 100-1000 
micrometers. 

[0031] Between a substrate and the single domain minute Records Department, a substrate layer may be 
prepared if needed. As a substrate layer, an orientation control layer is mentioned, for example. In order to 
control the orientation of a Sm-Co magnetism alloy, an orientation control layer should just be constituted from 
Cr and a Cr alloy (Cr-Ti, Cr-V, etc.). Moreover, a protective layer and/or a lubricant layer may be prepared in 
the maximum top face by the side of the single domain minute Records Department forming face of a medium 
if needed. 

[0032] The desirable example of the approach of manufacturing the magnetic-recording medium of this 
invention is shown in drawing 2 as a process (A) - a process (H). 

[0033] In a process (A), the substrate layer 2, magnetic layer 3 A, the middle class 101, a non-magnetic layer 
102, and the electron-beam-resist layer 103 are first formed in this order on the substrate 1 which consists of 
glass. The substrate layer 2 is the above mentioned orientation control layer, and is prepared if needed. 
Magnetic layer 3 A is a layer which serves as the single domain minute Records Department behind, and 
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consists of Sm-Co alloys. An interlayer 101 is for making it easy to exfoliate a non-magnetic layer 102 at a next 
process, and is prepared if needed. An interlayer 101 consists of carbon. What is necessary is not to limit 
especially the non-magnetic material that constitutes a non-magnetic layer 102, for example, just to consist of 
dielectric materials of Si02 and aluminum203 grade. Especially the component of the electron-beam-resist 
layer 103 is not limited, for example, can use the copolymer (for example, ZEP by Nippon Zeon Co., Ltd.) of 
alpha methyl styrene and alpha-chloro methyl acrylate. As for each class except the electron-beam-resist layer 
103, forming by the spatter is desirable, and, as for the electron-beam-resist layer 103, it is desirable to form by 
the applying methods, such as a spin coat and dipping. Magnetic layer 3 A is formed impressing a field, as 
described above. In addition, between the substrate layer 2 and a substrate 1 , the buffer layer which consists of 
Ag may be prepared if needed. This buffer layer raises the stacking tendency of magnetic layer 3 A. After 
forming all layers, the pore which has the same pattern as the arrangement pattern of the single domain minute 
Records Department in the electron-beam-resist layer 103 is formed by carrying out a pattern exposure and 
developing an electron ray in the electron-beam-resist layer 103. What is necessary is just to use electron beam 
lithography for the pattern exposure of an electron ray. 

[0034] At a process (B), the mask layer 104 is formed on the electron-beam-resist layer 103 which carried out 
patterning in the process (A). At this time, it fills up with the mask layer 104 in said pore. Cr can be used that 
what is necessary is not to limit especially the component of the mask layer 104, but just to choose it suitably so 
that it may function as an etching mask in a process (D). Any, such as a spatter, the ion beam spatter method, 
and vacuum deposition, may be used for formation of the mask layer 104. 

[0035] At a process (C), a heating acetone removes the electron-beam-resist layer 103, for example. The field 
which exists on the electron-beam-resist layer 103 among the mask layers 104 is also removed together in that 
case. Consequently, the mask layer 104 with which it filled up in said pore will remain on a non-magnetic layer 
102. 

[0036] At a process (D), the mask layer 104 is used as an etching mask, and a non-magnetic layer 102 and the 
middle class 101 are etched by RIE (Reactive Ion Etching). As reactant gas in RIE, CHF3+02 can be used, for 
example. 

[0037] At a process (E), the middle class 101, a non-magnetic layer 102, and the mask layer 104 are used as an 
etching mask, and magnetic layer 3A and the substrate layer 2 are etched by sputter etching, RIE, etc. Patterning 
of the magnetic layer 3 A is carried out by this etching, and the single domain minute Records Department 3 is 
formed. 

[0038] At a process (F), a non-magnetic layer 102 and the mask layer 104 are removed for example, using a 
heating acetone, further, RIE etc. removes an interlayer 101 and single domain minute Records Department 3 
front face is exposed. In addition, oxygen plasma etching may be used together at this time. 
[0039] Non-magnetic layer 4 A which consists of a non-magnetic material of Si02 or aluminum203 grade is 
made to deposit at a process (G) among the adjacent single domain minute Records Department 3 on the single 
domain minute Records Department 3. It is desirable to use a spatter for formation of non-magnetic layer 4A. 
[0040] At a process (H), non-magnetic layer 4A is removed in part in the thickness direction, and the front face 
of the single domain minute Records Department 3 is exposed. Thereby, the non-magnetic layer which remains 
among the single domain minute Records Department 3 serves as the non-Records Department 4. The thing of 
non-magnetic layer 4A in the thickness direction for which chemical mechanical polish is used for removal in 
part is desirable. What is necessary is just to perform them by about nine to 1 2 pH, for example using Si02 with 
a particle size of 20-60nm, although especially the conditions of chemical mechanical polish are not limited. 
Subsequently, the above mentioned protective layer and the above mentioned lubricating layer are formed if 
needed, and magnetic ********** j s obtained. 
[0041] 

[Example] Two or more samples for magnetic-properties measurement from which a magnetic layer 
presentation differs in an one or less-example procedure were produced. 

[0042] First, it considered as the configuration which generates an external magnetic field parallel to a substrate 
front face by fixing flat-surface dimension 26mmxl0mm and the substrate with a thickness of 0.8-1. 0mm which 
consist of glass on a glass disk, and attaching a permanent magnet in both the sides of a substrate. The external 
magnetic field reinforcement in near a substrate front face is shown in Table 1 . Subsequently, the above- 
mentioned glass disk was attached in the disk holder in the vacuum tub of a sputtering system, and the inside of 
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a vacuum tub was decompressed up to 3x10 to 4 Pa. Subsequently, the magnetic layer with a thickness of 30nm 
it is thin from a Sm-Co alloy was formed on the substrate by the spatter, and the sample for magnetic-properties 
measurement was obtained. The number of Sm chips stuck using what stuck two or more Sm chips on Co target 
adjusted the presentation of a magnetic layer at the spatter target. Spatter conditions were made into number of 
inflow gas: Ax, Ar quantity-of-gas-flow:10SCCM, membrane formation pressure:0.3Pa, and membrane 
formation power: 100W(RF) substrate rotations :6rpm, and a substrate temperature:room temperature. The 
presentation of the magnetic layer of each sample is shown in Table 1 . In addition, the presentation of a 
magnetic layer was measured by ICP. 

[0043] The sample was started in the dimension of 10mm angle, after exfoliating from a glass disk, and it asked 
for the remanence ratio SC of said impression direction and the direction which intersects perpendicularly by 
VSM in the remanence ratio SP of the external magnetic field impression direction, and the substrate side. The 
coercive force in SP, SC, orientation ratio SP/SC, and the SP measurement direction of each sample is shown in 
Table 1. 

[0044] Moreover, for the comparison, an external magnetic field was not impressed at the time of magnetic 
layer formation, and also the comparison sample was produced like the above-mentioned sample, and a 
remanence ratio and coercive force were measured. SP and SC which were shown in Table 1 about this sample 
are a remanence ratio in the measurement direction of SP and SC in other samples, respectively, and coercive 
force is the coercive force in the SP measurement direction. 



[0045] 
[Table 1] 



No. 


(kAAn) 


Sm/ 
(Sm+Co) 






&rJS n 


(kA/m) 


1 


23.88 


12.2 


0.992 


0.071 


14 


11.1 


2 


23.88 


17.0 


0,990 


0.031 


32 


23.6 


3 




17.0 


0.820 


0.614 


1.3 


23.5 


4 


25.47 


6.5 


0.981 


0.113 


9 


4.8 


5 


25.47 


24.0 


0.991 


0.130 


7.6 


55.7 



[0046] By controlling the presentation of the Sm-Co alloy which constitutes a magnetic layer, and impressing 
an external magnetic field from Table 1, shows that control of orientation ratio SP/SC is possible. In addition, it 
is thought that it is based on the growth anisotropy produced depending on the direction of particle incidence at 
the time of a spatter that SP/SC is not 1 in sample No. 3 which did not perform field impression. 
[0047] Membrane formation power at the time of example 2 magnetic-layer formation was set to 200W, and it 
considered as the value which shows external magnetic field reinforcement in Table 2, and Cr layer with a 
thickness of lOnm was prepared as an antioxidizing layer on the magnetic layer, and also the sample was 
produced like sample No.2 of an example 1 . Cr layer was formed by the spatter. In addition, external magnetic 
field reinforcement was controlled by changing spacing of the permanent magnet arranged on both the sides of 
a substrate. About these samples, SP, SC, and orientation ratio SP/SC were calculated. A result is shown in 
Table 2. 
[0048] 



No. 


(kA/m) 


Sm/ 
(Sm+Co) 






Sp/S„ 


6 


7.96 


17.0 


0.992 


0.098 


10 


7 


25.47 


17.0 


0.993 


0.025 


40 



[0049] By controlling the presentation of the Sm-Co alloy which constitutes a magnetic layer, and controlling 
external magnetic field reinforcement from Table 2, shows that orientation ratio SP/SC can be made high. 
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[0050] On the example 3 silicon wafer, the Sm-Co magnetic layer was formed on sample No.2 and these 
conditions of an example 1 . Subsequently, patterning of the Sm-Co magnetic layer was carried out by the 
FOKASUTO ion beam etching using Ga ion, the rectangular minute Records Department 0.1 micrometers, and 
whose major-axis length / minor-axis length 0.2 micrometers and minor-axis length are 2 for major-axis length 
was formed so that each of pitches of the direction of a major axis and pitches of the direction of a minor axis 
might be set to 0.8 micrometers, and the PATANDO medium sample was obtained. In addition, patterning of a 
magnetic layer was performed so that the direction of a minor axis might be in agreement with the field 
impression direction. 

[0051] Moreover, the magnetic layer was formed on sample No.7 and these conditions of an example 2 on the 
silicon wafer, and also the PATANDO medium sample was obtained like the above-mentioned PATANDO 
medium sample. 

[0052] The minute Records Department of these samples was magnetized. The external magnetic field of the 
direction of a minute Records Department minor axis performed magnetization. After magnetization, when 
observed under the magnetic force microscope (MFM), it has checked that **** and **** corresponding to the 
magnetic repulsive force and the attraction by the leakage field produced from the minute Records Department 
were prolonged in said direction of a minor axis and parallel, respectively. This result showed that this minute 
Records Department had residual magnetization in that direction of a minor axis. 



[Translation done.] 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 
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[Drawing 3] 




[Translation done.] 
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